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Subject Site
• Southern California Petroleum Terminal
• 20 to 60 feet of complex, stratified, 

heterogeneous alluvium over Friars 
Formation bedrock

• Depth to groundwater ~15 to 25 feet
• Groundwater velocities 0.5 to 20 feet/day
• Poor water quality, high TDS, chlorides, 

bicarbonate, Fe, Mn
• Evidence of MTBE-degrading microbes 

(UCDavis study)
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Biodegradation Assessment 
Activities

• Review of Historical Geochemical and 
Contaminant Data

• Field Microbial Assessment

• Aerobic and Anaerobic Microcosms 

• Field Carbon and Hydrogen Isotope Data 
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R-52AS
Source Area - Anaerobic
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Time vs. Concentration Data
R-50AS

Source Area - Anaerobic
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Time vs. Concentration Data
R-42AS
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Time vs. Concentration Data
R-44AD

Mid-Plume Aerobic/Nitrate Reducing
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R-40AS
Aerobic/Nitrate Reducing
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TBA:MTBE Ratio Evolution
Well T-7
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Field Sample Plate Counts

MTBE: 500 ppb21,400-88,000SDT21*
TBA: 2000 ppb54,400-99,200HPCT21
MTBE: 70 ppb11,500-16,200SDR44AD
TBA: 50 ppb6,200-15,800HPCR44AD*

MTBE: 500 ppb22,900SDR44AS*
TBA: 2000 ppb22,000-35,600HPCR44AS
MTBE: 15 ppb44,400-55,200SDR30AD
TBA:  0 ppb880,000-2,140,000HPCR30AD*

Specific Degrader ConcentrationsResultsHPC/SDSample ID
Anaerobic CFU/ml

MTBE: 500 ppb217,000-229,000SDT21
TBA: 2000 ppb171,000-190,000HPCT21
MTBE: 70 ppb89,000-151,000SDR44AD
TBA: 50 ppb42,000-44,400HPCR44AD

MTBE: 20 ppb11,700-25,400SDR44AS
TBA: 500 ppb15,300-16,000HPCR44AS
MTBE: 15 ppb192,000-197,000SDR30AD
TBA:  0 ppb147,000-202,000HPCR30AD

Specific Degrader ConcentrationsResultsHPC/SDSample ID
Aerobic CFU/ml



Field Sample Microbe Speciation

Leptothrix (PM1-like; MTBE/TBA degrader) 

Stenotrophomonas spp. (BTEX degraders)

Ideonella (PM1-like; MTBE/TBA degrader) 

Rubrivivax (PM1-like; MTBE/TBA degrader)

Hydrogenophaga spp. (ENV735?; MTBE degrader)

DGGE Analytical Results



Aerobic Microcosm Data
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Anaerobic Microcosm Data
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Microcosm Problems

• Reactors experienced formaldehyde 
poisoning!

– Formaldehyde only degradation by-product 
detected in field, no HIBA or TBF.  Could be 
producing mild inhibition



Cmethyl–O bond
cleavage

Strong 
primary 
effects

Minor 
secondary 

effects

None or 
negligible 
secondary 
effects

Ct-butyl–O bond
cleavage

Strong 
primary 
effects

None or 
negligible 
secondary 
effects

Minor 
secondary 

effects

Isotope Fractionation



Delta Notation vs. 
Isotopic Ratio

Example: Anaerobic degr.
% MTBE remaining δ13C 13C/12C

100.0 -30.0 0.010900
50.0 -24.5 0.010962
12.5 -13.4 0.011087
1.6 3.3 0.011274



Data Output-Isotope Scale
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The Contrast in
Aerobic and Anaerobic Isotope 

Fractionation 
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LF-4

Groundwater Flow
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Schematic of MTBE Carbon and Hydrogen Isotope Data Results
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Conclusions

• Microcosm data indicates MTBE and TBA 
biodegrading under both aerobic and 
anaerobic conditions. 

• Field sample MTBE carbon and hydrogen 
isotope data supports both anaerobic and 
aerobic biodegradation of MTBE and TBA


